Using cultures of dissociated neurons from the lower brain stem of rat embryos, the receptor properties of cholinoceptive neurons were examined pharmacologically.
It is known that cholinoceptive neurons are present at a variety of sites in the central nervous system (CNS). Although pharmacological studies suggested that some cholinoceptive neurons had only muscarinic receptors (KRNJEVIC and PHILLIS, 1963; MCLENNAN and YORK, 1966) and others had both nicotinic and muscarinic ones (ANDERSEN and CURTIS, 1964; BRADLEY et al., 1966; CURTIS and RYALL, 1966; LEGGE et al., 1966) , no systematic survey has been tried to clear the receptor properties of the CNS cholinoceptive neurons (KRNJEVIC, 1974) .
Recently, we succeeded in preparing cultures of dissociated neurons from the lower brain stem of rat embryos, and found that they were useful material for studies on transmitter sensitivities (SAJI and MIURA, 1982) and receptor properties of CNS neurons (BARKER and RANSOM, 1978; DICHTER, 1980; RANSOM et al., 1977) because a cultured neuron could be identified clearly and approached easily under microscopic control.
In this study we aimed to make clear the receptor properties of cholinoceptive neurons in the brain stem, using the culture method. Lower brain stems were dissected from 14-15-day-old rat embryos at the level between obex and entry of the trigeminal nerve. Brain stem neurons were dissociated and grown in tissue cultures according to the method described in detail elsewhere (SAJI and OBATA, 1981; SAJI and MIURA, 1982 the local anesthetic action cannot be responsible for blocking of the ACh response. The remaining firings under the application of atropine must be intrinsic, because they were full-sized and occurred randomly. On the other hand, as shown in Fig.  2A (lower row), the application of d-tubocurarine (6 nA) blocked partially the ACh response occurring in the same neuron. Even a sufficient amount of dtubocurarine (10 nA) could not abolish the ACh response. In addition to the partial blocking effect on the ACh response, d-tubocurarine has a facilitatory effect on spontaneous firings ( Fig. 2A, lower) . This phenomenon is similar to the excitatory action of d-tubocurarine on Renshaw cells (CURTIS and RYALL, 1966) , and may be due to its direct action on the cell membrane. Since the ACh response was blocked by both atropine (muscarinic blocker) and d-tubocurarine (nicotinic blocker), the cholinoceptive neurons in the brain stem cultures may have both nicotinic and muscarinic properties. The cholinoceptive neurons (n=10) were further examined by using ACh agonists and antagonists. In order to avoid direct action on the surface membrane of the soma by a large amount of the antagonist, the amount of the antagonist was limited to an approximate amount of the agonist. As shown in Fig.  2B , the facilitatory responses were induced by the pulse application of nicotine and muscarine, while both nicotine and muscarine responses were equally antagonized by the independent application of atropine and hexamethonium (C6). This suggests that there may be a cross-interaction between nicotinic agonist and muscarinic antagonist, and vice versa. This fact is inconsistent with findings by YAMAMURA and SNYDER (1974) that the muscarinic and nicotinic receptors are functionally separate entities in the CNS neurons, but consistent with findings in hippocampal pyramidal cells by BIRD and AGHAJANIAN (1976) that the nicotinic antagonists block the muscarine response.
As shown in Fig. 2C , the pulse application (4 nA, 2 sec) of both nicotine and muscarine on the same cholinoceptive neuron induced facilitatory responses. The nicotine response was fast in onset. When a sufficient amount of nicotine (4-10 nA) was applied to an ACh-sensitive cell, the nicotine response was always interrupted during the pulse application and the silent state lasted even after cessation of the pulse application (Fig. 2C-1) . On the other hand, the muscarine response seemed to be somewhat slower in onset than the nicotine response. The slow muscarine response, however, is not conspicuous compared with the delayed nium (C6, 2 nA); 2, facilitatory muscarine responses (4.5 nA, 2 sec) were completely antagonized by concomitant application of atropine (6 nA) and hexamethonium (5 nA). C: two representative examples of facilitatory nicotine and muscarine responses (4 nA, 2 sec) occurring in the same neuron. D: histogram of sensitivity ratio for nicotinic and muscarinic receptor properties.
On 34 cholinoceptive pyramidal type neurons, comparative sensitivity was estimated by ratio of peak frequency of nicotine response (ft) to that of muscarine response (fm) when equal amounts of nicotine and muscarine were applied independently by pulse (2 sec) to the same neuron. Hatched columns on right side indicate dominancy of nicotine response (fn/fm >1).
onset ranging 3-6 sec occurring in the muscarinic receptors of brain stem neurons in vivo (CURTIS and KOIZUMI, 1961) . Thus, the cholinoceptive neurons in the brain stem culture were proved to have both nicotinic and muscarinic properties which was consistent with previous studies in in vivo CNS experiments (BRADLEY et al., 1966) . Furthermore, the sensitivity ratio for two kinds of receptor properties were examined on 42 cholinoceptive neurons composed of various types such as pyramidal, multipolar and Golgi type (SAJI and MIURA, 1982) . As seen in Fig. 2C , the ratio of the size of the nicotine response to that of the muscarine response varied widely from neuron to neuron. After an equal amount of nicotine and muscarine were applied independently to the same neuron, we estimated roughly the comparative sensitivity by the ratio of peak frequency of the nicotine response (fn) to that of the muscarine response (fm). Since the binding efficiency of nicotine to the nicotine receptors could not be equal to that of muscarine to the muscarine receptors, the fn/ fm ratio does not mean the ratio for their receptordensities. Fig. 2C-1 shows the representative example, where fn is 27 spikes/sec and fm 15, and the fn/fm ratio is 1.8. Since the majority of cholinoceptive neurons examined were pyramidal in shape, we calculated fn/fm ratios on the pyramidal type neurons (n=34). Fig. 2D shows a histogram of calculated ratios. Although they were widely distributed between the nicotine response dominancy (right) and muscarine one (left), the majority of ratios were in the range between one and four (nicotine response dominancy). From this fact, we would speculate that the wide distribution of the sensitivity ratios of two kinds of receptor properties reflects different roles of cholinoceptive neurons in the CNS.
Only one out of 89 spontaneously active neurons showed the inhibitory response to the application of ACh without any forgoing facilitation. The inhibitory action of ACh was mimicked by both nicotine and muscarine, although muscarine was less effective than nicotine. By contrast, it has been reported from in vivo studies that such inhibitory action of ACh was found in many cholinoceptive neurons (22 %) in the lower brain stem of the cat and the inhibitory response was only muscarinic (BRADLEY et al., 1966) . Since it has been noted that the sensitivity of cultured CNS neurons to transmitters such as GABA and glycine depends on the developmental stage of the embryo from which the CNS neurons were obtained (OBATA et al., 1978) , such extreme differences in the results between in vitro and in vivo studies may be due to the age of the embryo and/or the age of culture. In addition, the results may be influenced by the experimental condition such as the distance between the pipette for injecting ACh and the surface of the soma. Further study is needed on the development of the dual property of ACh receptors of cultured neurons.
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